Abstract. Surgical site infections (SSIs) are a well-known potential complication of surgery. They are assocaited with preoperative malnutrition and lead to increased medical costs and longer hospital stays. Therefore, surgeons should appropriately identify patients who are at a high risk. The geriatric nutritional risk index (GNRI) is a tool, increasingly utilized to assess the degree of malnutrition, particularly in elderly patients. Therefore, the present study attempted to validate whether GNRI could predict the risk of SSI in patients following pancreaticoduodenectomy (PD). A cohort study was retrospectively conducted on 106 patients in the Department of Digestive Surgery, Kawaguchi Municipal Medical Center, Japan from January 2007 to December 2017. All patients were subjected to nutritional screening using GNRI and followed up for the occurrence of postoperative complications, including SSI post PD. Additionally, risk factors for developing SSI, and the patient's height, body mass index and preoperative laboratory values were documented. Patients were divided into SSI (n=15) and non-SSI (n=91) groups with a determined incidence of 14.2% (15/106) for SSI. The results revealed that the SSI group had GNRI values that were significantly reduced compared with the non-SSI group (P<0.001). Receiver operating characteristic curve analysis was performed to determine the cut-off value of GNRI that conferred an increased risk of SSI; it was determined as 94 (sensitivity 80.0%, specificity 83.5%). Univariate analysis confirmed that a GNRI <94 was significantly associated with SSI (P<0.001), whereas multivariate logistic regression analysis revealed that a GNRI <94 was independently associated with SSI following PD (relative risk=1.73, 95% confidence interval=1.23-2.43; P<0.001). Therefore, a GNRI <94 is a potential predictive marker for SSI risk following PD.
Introduction
Pancreaticoduodenectomy (PD) is the standard treatment method for malignant hepatobiliary pancreatic tumors. However, the perioperative mortality rate of PD has remained at 5% over the last few decades, despite improved techniques and advances in surgical assist devices (1, 2) . In addition, perioperative morbidity rates have been reported to range from 30 to 60% (3, 4) . Among the potential complications of PD, the most common are surgical site infections (SSIs), delayed gastric emptying and postoperative pancreatic fistula (POPF). Especially, POPF is an independent risk factor for SSIs such as intra-abdominal abscesses (5) . SSIs are well-known factors, which lead to increased medical costs and prolonged hospital stays. Therfore, in order to reduce those medical costs and hospital stays, necessitating prompt identification and prevention of SSIs are clinically very important. More recently, the geriatric nutritional risk index (GNRI) has gained favor in assessing a patient's nutritional status and in predicting the clinical outcomes of elderly patients, particularly those with chronic kidney disease and heart failure (6) (7) (8) . More importantly, GNRI is easily and inexpensively attainable, as it only requires body weight, height and serum albumin levels. Due to the intimate relationship between preoperative nutritional status and SSI, the authors hypothesized that GNRI could be utilized as a novel tool to predict the SSI in patients who would undergo PD. Thus, a retrospective study was performed to assess this association between GNRI and SSI. The aim of the present study was to evaluate the GNRI and SSI in patents who underwent PD. The identification of predictive markers for SSI may help identify patients who are at a high risk of developing them in the future.
Clinicopathological data. Medical records were analyzed to determine SSI rates and evaluate the role of other potential risk factors for SSI. Demographic variables (sex and age), anthropometric parameters [height, weight, and body mass index (BMI)], comorbidities, history of smoking and alcohol use, American society of anesthesiologist (ASA)'s physical status classification, estimated blood loss, operation time, and laboratory data (albumin) were collected from individual medical records.
Nutritional assessment using GNRI. Nutritional status was determined according to GNRI [GNRI=(14.89xserum albumin (g/l)) + (41.7xpresent/ideal body weight (kg))]. Ideal body weight was defined using patient height and a BMI of 22. When present body weight was higher than the ideal body weight, present/ideal body weight ratio was set to 1.
Analytic method. All statistical analyses were performed using Graphpad Prism v5.0 (Graphpad Software Inc., La Jolla, CA, USA) and StatView (Abacus Concepts, Inc., Berkeley, CA, USA). Differences between the SSI and non-SSI groups were compared using the Fisher's exact test or Chi-squared test. The optimal cut-off value of GNRI was determined using a receiver operating characteristic (ROC) curve. Potential risk factors for SSI were evaluated using univariate and multivariate analyses. The Chi-squared test or Fisher's exact test as univariate analyses was performed for the SSI group. Independent risk factors for SSI were identified by univariate analysis using a logistic regression. The probability of P<0.05 was considered statistically significant.
Results

Patient characteristics.
The male-to-female ratio was 1:1 (53/53). The mean age was 70.2±8.7 years. Among them, 15 patients had wound infection complications (15.4%) and 17 (16.0%) developed POPFs.
Univariate analysis for SSI risk following PD. Patients were divided into two groups according to the presence or absence of SSI. Clinical and demographic data from each group are summarized in Table I . No statistically significant difference in sex, age, smoking habit, ASA classification, BMI, alcohol abuse, preoperative biliary drainage, estimated blood loss, The analysis revealed significantly higher incidence of SSI in geriatric nutritional risk index <94 patients. SSI, Surgical site infection.
operation time, blood transfusions, and postoperative hospital stays were observed between SSI and non-SSI groups. However, BMI was higher in the SSI group than in the non-SSI group (24± 4.4 vs. 21.8 ±3.0, P=0.05). Statistically significant differences were observed for preoperative albumin (P < 0.001), GNRI values (P < 0.001), postoperative hospital stays (P < 0.001), and pancreatic fistulization (P < 0.001). POPF occurred in 17 patients (16.0%), 6 of whom (40.0%) developed SSIs. Moreover, majority of SSIs were caused at the surface (n=12) in Table II .
Determination of the optimal GNRI cut-off value.
The cut-off value was identified using ROC curve analysis (Fig. 1) . Area under the curve was 0.87. A GNRI value of 94 was determined as the most appropriate cut-off value, rendering a sensitivity of 80.0% and a specificity of 83.5%. Patients were then divided into two groups: Group A (GNRI ≥94, n=79) and group B (GNRI <94, n=27) using the established GNRI cut-off value of 94. The observed SSI rate was 3.8% in group A and 44.4% in group B.
Univariate analysis of a GNRI <94 for SSI risk following PD.
Univariate analysis was performed to identify factors predicting SSI risk after PD. The incidence of SSI was significantly higher in group B than in group A (P<0.001).
Multivariable with logistic regression analyses.
Logistic regression analysis revealed that a GNRI value <94 (P<0.001) and POPF occurrence (P<0.006) were independent predictors for SSI as outlined in Table III .
Discussion
SSIs remain one of the most common postoperative complications (9), with an estimated incidence of 10-33% of patients after PD (10) (11) (12) . In general, risk factors for postsurgical wound complications following abdominal procedures include the ASA score, obesity, diabetes, age, operation time, estimated blood loss, and poor nutrition (13, 14) . Among them, malnutrition is by far the most common risk factor for developing SSIs (15, 16) , and Bozzetti et al found that hypoalbuminemia was an independent predictor (17) . As SSIs are associated with prolonged hospital stay, ultimately leading to higher medical costs, surgeons should promptly identify at-risk patients prior to elective procedures. In this regard, several nutritional assessment tools have been developed and validated: The nutrition risk index (NRI), malnutrition inflammation score, malnutrition universal screening tool, prognostic nutritional index (PNI), and GNRI (18) (19) (20) (21) . Among them, recent reports revealed that GNRI has been identified as a prognostic indicator in patients with heart failure and chronic renal disease (6) (7) (8) . GNRI was originally developed to evaluate malnutrition and related morbidity and mortality in elderly patients (22) . Therefore, we aimed to determine whether GNRI can predict the incidence of SSI following PD. Several studies have reported the use of nutritional assessment tools in predicting the incidence of postoperative complications, such as SSI. Hu et al reported that preoperative PNI is a useful predictor of SSI in gastrointestinal surgery (23) . Additionally, Yamana et al showed that GNRI is useful in predicting the development of respiratory complications in patients with esophageal malignancies (24). In contrast, Shinkawa et al found that NRI is an independent predictive factor for the risk of SSI after PD (12) . Likewise, Kitagawa et al reported that GNRI could be used to evaluate postoperative nutritional status after PD (25) . In the present study, 15.4% of the patients developed SSI following PD in our center. Among them, a low GNRI value (<94) was strongly associated with a higher risk of SSI, supporting the use of nutritional assessment prior to an elective procedure. In addition, the development of POPFs is also a potential predictor of SSI, although they are intimately related to SSI, particularly space/organ infections. Parikh et al reported that 55% of POPFs contributed to the occurrence of intra-abdominal abscess (26) . In our data, SSIs were observed in 40% of patients with POPFs. Therefore, low GNRI might be a possible marker of POPF and SSI. Although our data are consistent with previously published NRI data (12), we are the first to demonstrate the relationship between GNRI and SSI. However, our study has several limitations. The most important limitation is the lack of statistical power due to small sample size. The second is that our data were collected at a single center. Therefore, a more comprehensive prospective study should be conducted in the future to validate the present findings.
In conclusion, the results of the present study suggest that a GNRI score of <94 is a probable candidate for predicting SSI in patients who undergo PD.
